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PROGRESS  REPORT  WO*   1 
PERFORMANCE  OF  RIGID  F  ITS 

CONSTRUCTED  OH  GRANULAR  BASES 

INTRODUCTION 

The  following  will  present   several  points  of  interest  that   have  become 
apparent  from  a   study  of  data  obtained  from  performance  of  Indiana   highways. 
Attached  are  groups  of  curve3,  and  tables  which  summarize  the  Hata,     It  should 
be  kept  in  mind,  that  a  complete  analysis  of  the  data  has  not  been  made;  there- 
fore, positive  statements  and  conclusions  are  not  warranted  at  the  present  time., 
However,  several  trends  are  apparent  and  appear  worthy  of  mention0     Each  will 
be  discussed  in  subsequent  paragraphs^     For  this  discussion  the  terms  "blowing" 
and  "pumping"  will  be  used  symonymously0 

EFFECT  OF  PUMPING  (BLOWING)  OF  BASES  ON  PAVEMENT  PERFORMANCE 

It  is  believed  that  blowing  of  base  courses  per  le  may  or  may  not  con= 
stitute  a  serious  problem,,     This  appears  true  even  though  the  formation  of  blow 
holes  is  rather  dramatic  and  has  received  increased  attention  in  recent  years e 
In  fact,   several  pavements  built  on  crushed  stone  bases  vshich  have  resulted  in 
serious  edge  blows  are  still  in  excellent  shape  after  many  years  of  servicer. 
Oa  the  other  hand,  it  is  believed  that  the  formation  of  restraint  cracks,  and 
transverse  cracks,  can  and  does  constitute  a  problem..     Data  on  hand  indicate 
that  formation  of  these  cracks  are  either  a  direct  result  of  blowing,  or  at 
least  are  caused  by  the  same  set  of  circumstances  which  cause  the  blowingo 

Data  obtained  from  field  observation  indicate  that  a  good  correlation 
exists  between  number  of  joints  and  cracks  effected  by  blowing,  and  the  form- 
ation of  transverse  and  restraint  crackSo     In  several  cases,  however,  serious 
cracking  has  occurred  where  little  or  no  blowing  exists  at  the  present  time.. 
Notable  among  these  cases  are  stretches  7  and  8,  on  US  52  north  of  Lafayette, 
These  pavements  did,  however,  pump  very  extensively  up  until  recent  years 
suggesting  that  blowing  may  stop  after  a  period  of  time*     Table  1  shows  a 
summary  of  the  performance  data. 
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The  effects  of  blowing  on  pavemsnt  performance  will  be  discosscd  In  more 
detail  in  later  paragraphs <, 
Processes  of   "Blowing" 

As  defined  by  Vogelgesang  (1)  blowing  results  from  water  existing  inmedia^. 
under  the  pavement  being  forced  from  under  the  pavement  at   extremely  hi£i 
velocities  which  in  turn  erodes  the  base  materialo     He  classified  this  action  as 
first  and  second   stage  „     First  stage  blowing  wa3  evidenced  by  the  formation  of 
"blow  holes"  at  the  edge  of  the  pavement,  while   second  stage  blowing  wa3  evidenced 
by  accumulations  of  sand  around  the  edge  of  the  blov;  hole  at  the  pavement  edge. 

Data  obtained  from  this  study  have  substantiated  the  above  hypothesis „ 
It  has  been  reasoned,  however,  that  a  third  stage  of  development  exists,     This 
third  stage  appears  as  restraint  and  trans  verse  cracks  in  the  pavement-.     Some 
doubt  exists  regarding  the  true  mechanics  of  restraint  crack  formation*,     The 
data  indicate  very  strongly  that  these  cracks  do  constitute  a  third  stage  of 
development  regardless  of  the  various  factors  which  cause  theme 

As  mentioned  previously,  edge  blow  holes  are  generally  an  indication  of 
pumping  activity;  however,  it  is  believed  that  pumping  action  exists  at  the 
interior  of  the  slabs  as  well  as  at  the  edge,,     This  is  indicated  by  the  formation, 
in  recent  years,  of  restraint  cracks  at  interiors  of  the  traffic  lanes,  as  well 
as  in  passing  lanes 0 

The  data  on  hand  at  the  presort  time  indicate  that  pumping  of  the  subgrada 
soil  up  and  through  the  base  course  is  not  a  problem,,     However,  the  possibility 
that  movement  of  sandy  fractions,  and  fines  of  the  base,   up  and  through  the 
base  itself  has  been  suggested  whenever  blowing  occurs,,     Srain  size  distribution 
curves  of  base  materials  in  service  indicate  a  general  distribution  with  depth  of 
fine  to  course,  with  finer  fractions  occurring  at  the  top  of  the  base0 

Figures  1  through  16,  of  the  curves  included  in  the  suisaary  present  average 
gradations  for  the  naterials  testedo  These  curves  are  averages  of  several  tests 
made  on  base  materials  from  each  stretch  of  road  surveyed  and  do  not  represent 


analysis  these  data  have  been  orj  wording  to  (1)   type  of  bsi 

type  of  construction  (trenched  or  drained)  and   (3)  length  of  slab..     Unless 
otherwise  noted  the   s3ab  length  is  Zt0   feet,  and  all  joints  are   dummy  groove 
contraction  joints.. 

Observation  of  Figure  1  though  3  indicate  several  significant  trends 
First  the  lower  half  of  the  bases  sampled,   almost  without   exception,   contained 
less  fines  than  the  upper  halfo     The  exceptions  can  be  found  on  the  individual 
graphSo     Second,  a  layer  of  fine   sandy  material  exists  nearly  always  on  the  top 
of  the  base„     The  exact  3>urse  of  this  latter  material  is  not  known  at  the  pi 
but   as  will   be  brought  out  later,  this  layer  appears  to  influence  the  pave;nent 
behavior  as  much  as  any  other  factor,.     It  should  be  mentioned  that  data  obtained 
iron  New  Jersey  pavements  indicate  the  formation  of  a  layer  of  similar  nature 
under  those  pavements^ 

It  has  been,  reasoned  that  thi3  layer  can  come  from  several  probable 
sources,,     First,  it  may  result  from  rolling  the  aggregate  base  during  construct' 
(2)  it  may  have  been  placed  en  top  of  the  base  as  a  leveling  course^   (3)  it  may 
be  cement  from  the  slab,  or  (4)  it  may  represent  an  accumulation  of  fines  due 
to  pumping  action*,       The  consistency  of  its  occurrence  rules  out  the  second 
possible  cause  listed  above.       Tests  will  be  made  to  determine  the  chemical  and 
minerolgical  content  to  check  on  item  No0  3  listed  above o     Regardless  of  the 
source  of  this  material,  its  effect  on  blowing  is  at  once  apparent 0     Observation 
of  figure  1  reveals  that  this  material  is  primarily  sand  containing  on  the  average 
17  per  cent  by  wei$it  passing  the  No0   2v0  mesh  sieve  at  joints  showing  no  blows 
At  joints  showing  the  first  stage  of  blowing  (clear  water)  this  material   contains 
on  the  average  of  28  per  cent  flnes:.       This   suggests  that  this  high  accumulation 
of  fines  results   in  an  impervious  layer  immediately  under  the  pavement  which 
results  in  blowing.     At  joints   showing  second    stage  of  development,  this  material 
contains  only  about  15  per  cent  fines  suggesting  that  the  material  pumped  out 
from  under  the  pavement  comes  from  this  layer. 


If  the  above   la  a   correct  hypothesis,   it   follows  that  the  meter.  ;* 

enter 8  the  joint  and  forms  restraint  cracks  cornea  from  this  layer.     If  it  is 
assumed  that  restraint  cracks  are   formed  by  a  bending  action  of  the  wheel  load! 
removal  of  this  upper  layer  as  support  is   still  the  cause, 

It  will  be  noted  that  in  the  more  open  graded  bases,   crushed  and 

this  layer  is  either  relatively  clean  or  missing  entirely,  ce  the  gradat, 

curves  consistently  show  more  fines  in  the  upper  one  half  i  the 

lower  half  of  the  base,  it  is  believed  that  movement  of  fines  of  the  up 

and  througi  the  base  material  is  at  least  one  of  the  sources  of  this  material 

It  should  be  mentioned,  however,  that  since  the  layer  is  also  presant 
at  non-pumping  joints  other  factors  certainly  enter  into  its  formation 
Primary  among  these,  would  be  cement  from  the  slab  during  pouring     r.d  a  gene:- 
formation  of  this  layer  due  to  rolling  and  final  grading  . 

In  addition,  it  will  be  noted  in  i't^ures  2^  5  and  6,   that  the  second  stage 
development  of  blow  holes  has  not  as  yet  caused  a  removal  of  fines  from  the  base  J 
included  in  these  graphs 0     This  is  not  surprising  since  these  are  relatively  new 
pavements  and  it  can  be  reasoned  that  pumping  action  has  been  in  effect  for  just 
a  short  period  of  time, 

It  has  been  definitely  shown  that  a  perched  water  table  condition  between 
the  base  and  pavement  is  necessary  for  blowing  to  oecr         No  evrjdenee  exists 
that  water   is  caused  to  move  through  the  subgrade  due  to  repetit 
The  depth  to  water  table  has  no  apparent  effect- 


FACTORS  AFFECTING  BLOWING 

Many  factors  influence  the   severity  of  the  action  known  as  pumping 

or  blowing  of  bases.     Among  these  are  included  the  following: 

1,  Traffic 

20  Ease  gradation  and  type 

3<>  Depth  and  drainage  of  base 

^o  Climate 

5o  Grade  and  alignment 

60  Structural  capacity  of  the  pavement 

EFFECT  OF  TRAFFIC 
Figure  17,  with  three  overlays,   shows  the  variation  of  performance  with 
traffic o     For  these  curves  an  estimate  was  made  of  the  total  number  of  re- 
petitions of  18,000  pound   axel  loads  during  the  life  of  the  pavement 0     These 
data  were  calculated  using  the  method  proposed  by  Hveem  (2}0     These  data 
show  that  the  occurrance  of  transverse  and  restraint  cracks  increases  sharply 
beyond  16  x  10^  repetitions  of  load0     Also  it  will  be  noted  that  the  pavements 
using  gravel  bases  show  greater  tendency  tovrards  restraint  crack  formation 
than  do  those  on  sand  and  stone*     The  data  indicate  that  the  severest  blowing 
occurs  at  about  20  x  10^  repetitions  and  that  it  apparently  is  retarded  at 
later  stages0     It  can  also  be  seen  that  blowing  is  active  primarily  on  gravel 
bases.     Stone  bases  have  resulted  in  extensive  first  stage  blowing  but  very 
little  second   stage*     The  orange  overlay  shows  roughness  data  for  each  of 
the  roads.     It  will  be  seen  that  sand  and  stona  biaes  result  in  slightly 
higher  roughness  value3for  comparable  traffic  than  do  the  gravel  bases,, 

EFFECT  OF  BASE  GRADATION  AND  TYPE 
Bases  which,  according  to  this   survey,  result  in  the  highest  degree  of 
distress  are  those  constructed  of  gravel*,  It  is  believed  that  shape  of  the  grain 


It  will  be  noted  in  figures  1  through  16  that  Fuller's  maximum  density 

curves  are  presented  along  with  the  actual  average  curves,,     Fuller's  curve  was 

calculated  by  means  of  the  following  formulas 

?er  cent  passing    ■    100   \I    d 

1     D 

where  d  is  the  sieve  size  in  question  and  D  is  the  maximum  size  of  aggregate 

The  severest  pumpers  are  the  gravels  with  poor  gradation  and  which  contain  an 

excess  of  sand  and  fines ,     Stone  bases  which  are  relatively  well  graded  have 

Bhotisa  little  or  no  pumping..     Likewise  well  graded  sand  bases  have  shown  only  a 

slight  amount   cf  pimping,.     Sane  of  the  older  gravel  bases  were  constructed  using 

well  graded  materials  and  have  shovjn  very  little  activity., 

For  a  given  gradation  s  the  per  cent  of  fines  (passing  a  Noc  200  mesh  sieve) 
appears  to  affect  the  performance „     The  joints  resulting  in  pumping  have  nearly 
always  contained  from  three  to  four  per  cent  more  fines  than  those  with  no  pump- 
ing-    The  quantity  of  fines,  however,  is  a  function  of  the  grain  size  curve  aa 
well,  as  type  of  material 0     This  is  illustrated  when  comparing  the  sands  with  tie 
gravels  vhere  sands  containing  up  to  14  per  cent  fines  are  showing  satisfactory 
service0     For  comparable  grain  size  curves,  more  fines  can  apparently  be  permitted 
in  stone  bases  than  those  of  gravel.     This  may  be  due  to  a  higher  coefficient  of 
penaa&'Ili'iy  of  the  stone  bases,     Further,  grain  shape  certainly  plays  a  part  in 
this., 

As  a  general  statement  it  can  be  stated  that  gravel  bases  have  shorn 
poorest  performance,  with  sand  and  crushed  stone  showing  excellent  performance 
The  data  suggests  also  that  poorly  graded  materials   can  be  improved  by  proper 
blending  „ 

EFFECT  OF  DEPTH  AND  DRA IMAGE 

Depth  of  base  has  no  apparent  effect  insofar  as  blowing  is  concerned       This 
is  true  within  the  limited  data  available  from  this  survey       This   is  further  sub- 
stantiated by  data  from  New  Jersey,   Illinois  and  other  states. 


Tables  2  and  3»   in  aries  of  data  relative  to 

base  thickness     These  d:  dicate  that  depth  of  base  has  no  apparent 

effect  for  comparable  traffic*     However,  these  data  are  not  conclusive  and 
more  attention  should  be  directed  towards  determining  the  effect  of  depth-, 

Drainage  is  most  important  and  is  tied  in  closely  with  permeability, 
(See  Figures  IS  and  19) o     Practically  no  blowing  was  found  where  shoulder 
drains  were  used,  or  where  clean,  well  graded  bases  were  used  in  through  the 
shoulder  construction,,     Bases  constructed  of  stone  through  the  shoulder  have 
functioned  very  well0     Gravel  bases  (poorly  graded)   constructed  through  the 
shoulder  have  shown  serious  distress  regarding  blowing  and   formation  of  cracks. 
Shoulder  drains  constructed  in  these  latter  materials  have  shown  little  distress; 
however,  some  evidence  exists  that  these  too  are  becoming  defectives 

EFFECT  OF  GRADE  AMD  ALIGNMENT 

Elevated  grades  have  no  apparent  effect  on  blowing  or  performance  in  general 
More  blowing  was  found  on  fill  sections  than  cut  sections,     However,  this  does 
hot  imply  that  the  former  sections  are  undesirable  since  the  great  amount  of 
blowing  of  pavements   on  fills  is  due  to  the  large  mileage  of  road  built  on 
elevated  gradesl?     Low  points  on  vertical  curves  appear  to  give  the  poorest  per- 
formance but  on  the  other  hand  some   serious  blowing  was  found  at  high  points 
on  vertical  curves0 

In3ides  of  horizontal  curves  are  by  far  the  greatest  offenders  due  probably 
to  increased  traffic  at  the  pavement  edge.     Frequency  of  cracking  is  slightly 
greater  in  cuts  than  on  fills  (See  Table  4) 

EFFECT  OF  CLIMATE 
Climate  has  a  direct  effect  on  blowing  in  that  surface  infiltration  is  blamed 
for  the  seriousness  of  the  problem.,     Table  5  shows  data  obtained  on  US52,  north 
of  Lafayette  at  several  different  times  of  the  year.     It  is  seen  that  precipitation 
has  a  direct  effect  on  severity  of  blowing „     No  apparent  correlation  exists  be- 
tween temperature  and  blowing «     Type  and  gradation  of  the  base  material,  and 
precipitation  tend  to  obscure  this., 


Da'.a  regarding  this  factor  ars  muager  at  the  present  time  since  moat 
pcveinents   have  been  built  from  a  standard  de3ignD     Performance  of  9"  uniform 
highway  pavements  is  generally  no  better  than  the  9-9-9  pavements       Data  from 
New  Jersey  indicate  that  some  effect  is  shown  when  10"  uniform  pavement  with  heavy 
dowel  syutan3  are  used*     This  particular  point  deserves  more  attention 

It  should  be  mentioned  that  some  of  the  war-time  pavements  which  were  co 
structed  using  20-foot  joint  interval  and  no  load  transfer  have  shown  good 
performance,  except  that  considerable  faulting  has  resulted.     This  is  true  of 
stretches  30  and  1,     Stretch  Nor  30  has  received  very  little  heavy  traffic, 
while  stretch  one  has  received  very  heavy  traffico     This  latter  stretch  has 
shewn  considerable  pumping  in  previous  surveys,  but  it  is  significant  that  little 
or  no  restraint  cracking  has  developed 

ACTION  OF  BASES  AS  A  FILTER 

The  data  show  conclusively  that  granular  bases  are  effective  in  stopping 
pumping  of  subgrade  soils.,     The  present  criteria  in  use  by  the  Corps-  of  Engineers 
states  that  the  base  should  be  designed  a3  a  filter  with  the  added  requirtmsnt 
that  the  85$  size  of  the  filter  should  be  equal  to  or  greater  than  1/4  inch 
and  that  the  filter  should  be  non-frost  susceptible*     Since  the  vast  majority  of 
the  pavement  observed  are  constructed  over  cohesive  coils  the  limiting  15% 
size  of  the  filter  is  0,1  mm., 

Observation  of  the  grain  size  curves  reveal3  that  all  the  base  courses 
observed  are  functioning  as  a  filter..     The  data  suggest  that  the  principal 
problem  at  hand  is  to  devise  criteria  which  will  insure  stability  of  the  base 
proper  rather  than  to  prevent  intrusion  of  fines  from  the  subgrade- 

It  appears  that  the  most  fruitful     approach  to  setting  up  design  criteria 
for  base  courses  under  rigid  pavements  for  pumping  would  be  directed  toward  the 
shape  of  the  grain  size  curve  and  particularly  regarding  the  quantity  of  fines 
It  is  significant  that  bases  which  are  giving  unsatisfactory  service  are  either 
frost  susceptible  or  are  border  line  cases 


Correlation  of  Blowing  with  Cracking 
Figure  20  in  the  appendix  shows  the  relationship  of  blowing  to  per- 
formance as  measured  by  number  of  cracks  in  the  concrete  pavement,     The 
upper  curves  show  data  for  restraint  cracks  while  the  lower  are  for 
transverse  cracks  occurring  at  the  end  1/3  of  the  slabs.     These  data 
indicate  that  cracking  is  not  necessarily  associated  with  first  stage 
blows,  but  that  more  cracks  occur  when  blowing  has  progressed  to  the 
second  stage*     The  numbers  beside  the  curves  represent  the  survey  stretch 
numberso     Therefore,  each  line  represents   data  for  a  particular  highway, 
but  for  different  sections  on  that  highway,,     It  is  significant  that  the 
sections  of  a  given  highway  showing  greatest  distress,  on  the  basis  of 
crack'    formation,  also  show  greatest  second  stage  blowing  activity-, 

In  Figure  21  is  shown  the  distribution  of  restraint  cracks  acrosE  the 
pavement 0     It  will  be  noted  that  the  greatest  number  of  cracks  occur  at 
about  two  feet  from  the  outside  edge. 


J 
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APPENDIX 
(Figures  and  Tables) 
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